Metadata literature review

Introduction

This paper aims to identify the major trends and developments affecting the description and discovery of networked moving images for use in higher education. It will include looking at the issues raised when attempting to incorporate this material into library OPACs, and the wider field of digital and hybrid libraries in the academic sector .

Resource discovery and the Internet

The Internet today is a very large and disorganised place. For example in July 2000 the search engine. Google claiming to have fully or partially indexed at least one billion pages, whilst a survey released in the same month estimated some 543 billion individual documents were contained within online searchable databases, or what they termed the 'deep web' (Bergman, 18). The Web is has been described as having a central paradox: the more information available, the greater the likelihood that relevant, authoritative information will not be found (Hudgins, Agnew & Brown. 1). One vision of the future development of the internet is the 'Semantic Web,' where information is given structure and meaning, enabling software agents to "understand" and process retrieved information in order to carry out tasks such as identifying a physiotherapist approved by your health insurance scheme and scheduling appointments, or locating the  person you met last year who works for one of your clients and has a son at your old university (Berners-Lee, Hendler & Lassila). One method of providing the structure and meaning required to realise this vision, or just to improve the ability to find relevant information  is to provide metadata to describe information resources.

What is metadata?

Metadata is often defined as "data about data." A metadata record generally only exists or has meaning in relation to a referenced document or object (Hudgins, Agnew & Brown. 1), and consists of a set of attributes or elements necessary to describe that resource (Hillmann). In the library and information field, the concept is not a new one, even if the terminology is more recent. Librarians have produced metadata records for generations in the form of the library catalogue, with its structured recording of bibliographic details. However metadata extends further than this to describe aspects such as:

· Content: subject keywords, description, table of contents, language

· Technical information: physical or digital format, required hardware, browser level supported, file size, duration 

· Preservation: information that will enable a resource to be accessed or migrated to a more modern format at a future date

· Rights: intellectual property rights, access restrictions, cost of reuse

· Agents: information about people related to the resource such as owner, creator, administrator – their contact details, role, organisation etc.

· Educational content: user level, audience, education methods used, genre of resource.

· Content rating information: for use by filtering software

Metadata records can even have their own metadata, sometimes referred to as metametadata, usually recording administrative details such as record creator, creation or modification date, language of record and so on.


Metadata can be stored in a variety of places. These include
· Embedding metadata within an document. Examples include

· Cataloguing in Publication (CIP) information in a book title page

· Title tag in the header of an html document

· As a separate static html page 

· In a separate database with a pointer to the described resource 

e.g. a card catalogue entry or OPAC record, which gives bibliographic details of a resource along with a shelf mark or URL to guide the enquirer to its physical or digital location.

Metadata can be created in a variety of ways. It can be entered

· Manually, when someone inputs data into the actual document or a metadata database. 

· Automatically, such as 

· Importing a MARC record from a bibliographic database into an local OPAC catalogue record

· Harvesting information from the described resource e.g. URL, file format, automatic indexing of content or from its own embedded metadata

· Automatic assignment of a value such as unique identifier or copyright statement on creation of a database entry

For metadata to be of use in the discovery, access and use of resources, it has to be framed in such a way that it can be used and understood by others. This is known as interoperability, and has a number of aspects, including

· Technical interoperability – being able to communicate with and transport, store and represent information from other systems.

· Semantic interoperability – being able to understand the meaning applied to a metadata element or value from another system.

· Inter-community interoperability – being able to understand information from other domains, for example between the library and museum sectors

· International interoperability – being able to understand information from another country

(UKOLN interoperability focus)

What metadata standards have been devised?

A number of metadata standards have been developed world-wide by various bodies and sectors. The library and information sector has MARC, with its many variants world-wide. The cultural heritage sector has the Consortium for Computer Interchange of Museum Information, or CIMI Consortium, developing standards of description and transport "to make information move." The archives domain has developed the Encoded Archival Description or EAD, maintained by the Library of Congress and the Society of American Archivists, which covers describing archival finding aids. The US Federal Government devised the Government (or Global) Information Locator Service, or GILS, to help citizens locate government information on the internet (Dempsey & Heery).

Perhaps the best known example of metadata standard devised for cross domain use is the set of fifteen elements developed by the Dublin Core Metadata Initiative. More recently it has added qualifiers which enrich meaning, for example date.created or relation.isversionof, and specify some schemes for data representation, such as date formats, or classification systems like Library of Congress subject headings. The initiative has the backing  of bodies across many domains including national libraries, publishers, networking bodies, archives and museums. Its standards have emerged from a series of workshops and working groups. Dublin Core has always intended to be a simple system of core descriptive elements which can be understood and applied by the lay person. This simplicity has led to its being described as "relatively crude," although it also seems to be its strength as it has been found to be useful in a variety of contexts (Cathro). It is being used in high profile projects, such as PictureAustralia, a central access point to Australian images hosted by the National Library of Australia, with metadata supplied by participating image collections. Dublin Core has government support from countries like Denmark and Australia (Cathro), has recently been chosen as the basis for the UK government's metadata framework and is said to be described by some as "industry standard metadata" (Apps).

Namespaces and application profiles

When planning to use metadata to describe their resources, an implementer may find that no one existing standard set of metadata elements, or schema, covers all the descriptive facets they require. In this situation metadata implementers have a number of options to choose from. They could construct and define a completely new set of metadata elements which cover all the required descriptive elements, or they could use an existing schema and create extra elements to  fill gaps in its coverage. However, whilst these new elements fulfil a local need, interoperability problems arise if no-one else can understand them. This can be overcome by publication of the new elements declaring their definitions, formats and so on. This is know as a namespace, and places a responsibility on the publisher to maintain their schema (Heery & Patel).

If the implementer does not wish to devise their own elements they can "mix and match" metadata elements from a number of schemas to cover all the desired facets. If necessary elements can be altered in certain ways in order to optimise their use in the particular project. Elements can have their published meanings narrowed or made more specific and element values can be constrained by stipulating particular formats or controlled vocabulary. This collection of elements has become known as an application profile (Dekkers; Heery & Patel). One example of using an application profile is to mix elements of the VCARD system, which notes biographical and contact details of individuals, with another metadata schema such as Dublin Core. This leads information about a resource creator being transported with information about the resource, but not being used for search purposes and avoiding misleading results.

A recent survey of Dublin Core implementers in libraries has shown how namespaces and application profiles are being used in practice. 73% of respondents said they were using a combination of elements, rather than pure Dublin Core. 195 additional elements were listed, with very little duplication between them. Some were local qualifiers to Dublin Core elements or involved specifying particular vocabulary or classification schemes, some were specific elements for the particular project and some elements from other schemas (Guinchard 3-4,10-15). 

When deciding what existing elements and schemas would suit their situation implementers would benefit from being able to locate and examine existing namespace schemas and application profiles. Several projects have established prototype metadata registries to provide a central point for information and comparison of schemas, elements, semantics and best practice. Examples include the DESIRE metadata registry, the ROADS metadata registry and the SCHEMAS project registry.

Technical interoperability

As mentioned earlier some metadata standards include protocols for the storage, transport and interchange of metadata, whilst others just outline format and usage, leaving technical matters for design at a local level. Standard protocols have already been devised for the access or exchange data between computers across networks. Perhaps the best known of these is Z39.50, an internationally recognised standard maintained by the Z39.50 maintenance agency, hosted by the Library of Congress. This is used by many sectors, such as libraries, which uses it to facilitate communication between library management systems, catalogues and databases. A patron can employ the library system in library A to search the catalogue of libraries B, C and D, each of which run a different brand of software, or a cataloguer can download a MARC record from a bibliographic database. 

Example of Z39.50 at work include the Arts and Humanities Data Service (AHDS) which links five major resources, each with their own subcollections. The enquirer can search across any combination of the five.  Whilst the results page builds, which can take some time, the enquirer is shown a running total of hits from each group, but results are shown as one list of document titles. The California Digital Library's Searchlight system uses Z39.50 to search across library catalogues, journal indexes and abstracts, electronic journals, web directories and archive finding aids. The results pages lists number of hits per resource, with links to individual resource hitlists. The user can specify the period they are willing to wait for results (the default is 1 minute) and can interrupt the search to receive a partial list of hits.

Over the years Z39.50 has been implemented or interpreted in differing ways by software suppliers or particular communities. These differences can lead to incorrect search results. In response to this problem a number of profiles have been devised in an attempt to standardise interpretation and implementation within specific user communities. The Bath Profile is being devised for use by the library community and beyond to support a range of library functions such as improved search and retrieval from library catalogues and inter-library loans, along with searching other resource discovery systems world-wide (P. Miller, "Z39.50 for All"; Lunau 1-2).

In the wider world of information exchange over the internet, the standard for representing information content is becoming the extensible mark-up language, or XML. It is a licence-free, platform independent metalanguage derived from SGML, and was developed under the auspices of the World Wide Web Consortium (W3C). It is designed for describing structured data such as spreadsheets, bibliographies or metadata records. It belongs to a family of technologies exploiting XML such as XSLT, a stylesheet language which enables the user to create different views of data held in one XML file (Bos; Tennant; Cawsey). Its potential usefulness in library activities is beginning to be exploited, for example the National Library of Medicine uses XML to disseminate Medline bibliographic data for local use (D. Miller), and there are several projects to produce MARC records in XML, like those at the Library of Congress and the Lane Medical Library of Stanford University There is now a discussion group XML4LIB specifically covering the use of XML in libraries. XML is also being used to manipulate metadata from legacy systems, such as the Informedia project's standalone database of metadata describing thousands of hours of digital video. Results of queries to the database are converted to XML files, which are then transformed via XSL stylesheets to create different views of the results. Stylesheets can also produce XML metadata records that conform to different metadata standards (Christel, Maher & Begun 4-5).
Also being developed under the auspices of the W3C is the Resource Description Framework or RDF. It has been designed to be the  foundation of metadata interoperability, providing a structure and syntax for exchanging metadata, whilst not defining what that metadata should be. The syntax given in the recommendations relies on XML, although other representation models may emerge (Iannella; W3C RDF recommendations). RDF supports application profiles by allowing use of metadata elements from multiple namespaces and can group properties together in various ways, for example element values in a variety of languages (Iannella). Between them XML and RDF are the backbone of the vision of the Semantic Web described earlier.

Another initiative to aid exchange of metadata is the Open Archives Initiative (OAi), which aims to produce a low-cost, easy-to-implement protocol for requesting and exchanging metadata from repositories. At present it requires metadata to be describe in simple Dublin Core format framed in XML, although other metadata formats could be supported. It is still being developed, having recently finished its alpha testing period, with varying results indicating possible areas requiring work. Problems included not being able to identify what subject classification system had been used and issues of authorisation protocols. Addressing these might introduce more complexity to the system (Heery; Powell).

Semantic Interoperability

Semantic interoperability involves one system being able to interpret the "meaning" of another's metadata. One barrier is the use of different metadata schemas, and to this end various mappings or crosswalks have been devised to translate between metadata systems, for example from MARC21 to Dublin Core or GILS core elements to USMARC (M. Day, "Mapping"; Metaform). Some tools have been written to do this automatically, such as d2m which converts Dublin Core to a selection of Scandinavian MARC formats. Research is also underway looking at using XSL stylesheets to transform XML metadata records  from one standard to another (Hunter & Lagoze 79; Hunter, "Metanet").

Another barrier when trying to cross search information resources is ensuring the use of the same descriptive value as the metadata author.  Problems occur through the use of different knowledge organisation systems such as classification schemes, subject headings, thesauri or arrangement of element values like personal names (Hodge 4-6). One way of overcoming this is to use multiple schemes within metadata, but this requires cataloguers with knowledge of many schemes, or duplication of effort and staff (Hodge 17). Another option is to develop mappings between schemes, whether for cross searching local databases using different subject classification systems (Hiom) or for wider use, as that between Dewey Decimal and Library of Congress subject headings (Chan). But given the number of classification schemes and thesauri in existence (Lutes; Wake, "HILT Thesaurus List"; Koch) how does one choose which to use? One could try to devise a new, all-encompassing system, or impose one existing system, but that would cause many problems. The recent HILT project stakeholder survey of subject classification systems used by a cross section of information communities in the UK and abroad showed that even the most popular system, Library of Congress subject headings, was used by less than half the respondents (Wake, "HILT Stakeholder Survey").  The problems become more complex when considering searching across resources in multiple languages (Neuroth).
Metadata for specialised use

Collection Level Description


Many metadata systems are designed to describe individual items, but there is also a need to be able to describe a collection of items, whether a physical collection of artworks or a digital collection of webpages or metadata records. Creating a metadata record at the level of the whole collection could help a search engine focus its energies on sources rich in resources for a particular enquiry, whilst not interrogating others. A collection level metadata record could also be harvested for an entry in an internet subject gateway. This concept has led to the development of the Research Support Libraries Programme (RSLP) collection description schema, a namespace combining collection level elements with Dublin Core and VCARD (Powell, Heaney & Dempsey; RSLP).

Preservation metadata


Preservation metadata is not generally used for resource discovery, but is vital for the long-term use of digital resources. Software and hardware develop continuously, and paperwork explaining data structures can go astray, making it very difficult to access and understand archived data. The experience with the Newham Museum archaeological fieldwork data archive demonstrates these problems (Dunning). The aim of those working to define preservation metadata is to record information which will enable access to the electronic data files at a future date through methods such as software emulation or migration of files to modern formats. The work also covers topics like ensuring objects have survived unaltered, and management of metadata to ensure it too can be preserved (M. Day, "Metadata for Preservation", Beagrie & Jones 134-38). Work on a standard led to  the development of the Reference Model for an Open Archival Information System, or OAIS, which should not be confused with the OAi mentioned earlier. Projects involved in implementing the model include Cedars in the UK and NEDLIB in Europe.

Tools for metadata creation

There are a variety of tools for metadata creation available to an implementer. Some, like DC-dot, examine a given URL and create metadata from information it finds there. Others provide templates or wizards to help the user through the metadata creation process. Some of these, like the Nordic Metadata Project template (Koch & Borell), are designed to produce specific sets of elements and/or element values. Others like Metabrowser and TagGen can produce metadata in a variety of metadata schemas and output formats. 

Indexing and retrieving moving images


Moving images have a very complex structure. Just one second contains 24 individual frames, which means a 90 minute film has 129,600 frames. Moving images can generally be broken down into narrative sequences or scenes lasting from a few seconds to many minutes. Some sequences can stand alone as a discrete items, such as stories in a news report or modules within an educational programme. Each sequence is itself made up of a number of shots edited together. Digital moving image files can be large, for example 40MB for a one minute video (Lesk 92). They can be produced in a number of proprietary formats, such as QuickTime or Real Media, and compressed in different ways. Users are connected to the Internet in different ways, from the home user with a modem paying per minute for his phone time to the office user with a high-bandwidth network connection on his desktop. Multiple versions are often provided to satisfy the needs of this range of users and formats (Agnew 9-13). These points all have an effect on the design of navigation aides for moving image users.

One decision that needs to be made is what level of granularity  of description to use. Describing the general subject matter of a programme would help someone identify if it was of interest, but then they might have to spend a lot of time and money to download a huge file via their modem and watch the entire programme only to find the particular image they required was not included. An alternative is produce a more detailed description, perhaps at scene-by-scene or shot-by-shot level. This would help locate specific action but could create other problems. A modern two hour movie might have 4,000 shots to describe (Lesk 94), and take a great deal of time to do. Still image indexing times of between 7 and 40 minutes have been reported (Eakins & Graham), so describing a shot with a lot of activity within it would presumably take longer still. One report speaks of a national TV broadcaster taking 30 times the length of a programme to index it (Enser 202).

Breaking a video down into smaller units does have other advantages for the users. They can quickly download  a small file that contains the scene of interest, or start a streamed video from a point half way through (Fuller). Moving images are a visual medium, and users seem to be helped by being presented with visual cues to the content. This can take the form of selecting a number of key frames from the video that give a good representation of the scenes contained within, presenting them as a storyboard of still images or animated as if fast forwarding through the video (Fuller; Lesk 93; Komlodi & Marchionini).

Any metadata system employed would have to be able to cope with the complex collections of  file formats, subfiles, jump-in points and related materials like keyframe storyboards described above. The video datamodel has been described as  "somewhat non-traditional" when compared with a document repository (Fuller). At present there does not appear to be a standard metadata schema which describes all aspects of digital video, including technical and descriptive information, although some systems have been developed for specialised areas of audio-visual production (de Jong). Indeed, some feel that the diversity of video genres, e.g. news, travel, sport, comedy or conference presentations, makes it highly improbable that a detailed descriptive metadata standard covering all genre will develop. Rather, they foresee a basic framework to which can be attached genre specific descriptive elements (Christel, Maher & Begun 4)

Some have used Dublin Core metadata to give a general description of a film's content, personnel and history (Owen, Pearson & Arnold). Others, like the Australian Centre for the Moving Image project, have tried to use Dublin Core as a framework for their catalogue, describing holdings in a more detailed and complex way, including links to clips and keyframes, although content description is still at an overall level Records can be output as a general XML file or Dublin Core html. Work has been carried out to draw up schema based on Dublin Core, assessing a number of description and validation methods using a variety of information systems including RDF and XML (Hunter, "Comparison of Schemas"; Hunter & Armstrong, Hunter & Newmarch). There is also a Moving Images Special Interest Group within the Dublin Core Metadata Initiative structure, but little seems to be coming out of it at present.

The European Chronicles On-line (ECHO) project has drawn up its own metadata model with a multi-layered, hierarchical structure, based in the concepts of work, expression, manifestation and item. Through this a transcript and a video are expressions of a programme or work. Each could have several analogue and digital manifestations, and each of those their own item details. Metadata elements vary depending on level and type within level, such as audio or video (Amato et al 10-14, 17-34). The US Defense Technical Information Center has developed a set of metadata guidelines for its Defense Virtual Library based on the USMARC format (Silver Image Management 1-4)

Implementers should be aware of several developments in the field of moving image delivery. One is the forthcoming MPEG-7 standard, or Multimedia Content Description Interface. The current MPEG-1 and 2 standards relate to compression of digital video files and makes content available. MPEG-7 intends to help locate required material by providing "the world's most comprehensive set of audio-visual descriptions" including

· Catalogue information: title, creator, rights

· Semantic information; who, what, when, where, concepts

· Structural information: colour histogram, segments, textures, shape, encoding

Suggested outcomes include being able to hum a tune and find clips of it being sung by Pavarotti or searching for your firm's logo on TV output (N. Day). MPEG-7 is still undergoing its ratification process, and is due to become a standard in September 2001.


Another is Synchronised Multimedia Integration Language or SMIL (pronounced smile), again developing under the auspices of W3C. It enables the authoring of a multimedia presentation, or macro-object, using a number of files or micro-objects, containing audio, images, video, animation, text and so on.  In this presentation events can be synchronised, so that, for example, a text file could be made to appear at a particular point of a video. One benefit of using a number of small files rather than one big one holding the entire presentation is its speed of delivery to users with low-speed internet connections. The sub-elements can also be re-used in other applications. Audio or text can be offered in different languages (Brophy, Eskins & Oulton 5-6).


Describing images, whether still or moving, is very difficult, because as well as having obvious basic attributes such as colour and shape, they have meaning imputed through interpretation. They can mean different things to different people, as well as different things to the same person at different times (Enser 200-1; Chen & Rasmussen 293). Various theories have described levels of indexing possible with images. One mentions hard indexing - what can be seen in the frame - and soft indexing - what the image is about. Others describe three levels of meaning

· Pre-iconographic: "ofness" or "aboutness"  of objects in an image that can be interpreted through everyday experience, or without referring to an external knowledge base

· Iconographic: Requires some cultural knowledge, e.g. Ulysses, not a sailor

· Iconologic:  Involves more sophisticated world and cultural knowledge, plus understanding of the history and background of the image

It is the second and third of these that involve subjectivity and are the root of differences in understanding between viewers; the understanding of "invisible facts" that differentiates between seeing an image of a plane taking off and one of a Chilean Airforce jet taking General Pinochet back to Chile after being threatened with war crimes charges (Chen & Rasmussen 293; Enser 201, 204). The interpretation of images can vary over time through changes in knowledge and opinion. A photograph of modern professional nurses is regarded as an illustration of old-fashionedness 100 years later (Keister 13); what was footage of President Clinton greeting a crowd becomes understood as showing him embracing  Monica Lewinsky.


Textual indexing of image content, whether descriptive or subjective, is referred to as concept-based indexing (Chen & Rasmussen 296).  It is often associated with physical, "bibliographical" and intellectual rights details, such as size, materials used, artist and copyright holder. These aspects can involve the use of thesauri or controlled vocabulary, and there are several systems available for image-specific use. These include: 

· ICONCLASS, for Western Art, 

· Art and Architecture Thesaurus (AAT), covering the history and making of the visual arts

· Library of Congress Thesauri for Graphical Materials (LCTGM or TGM)

TGMI: subject terns

TGMII: genre and physical characteristics

· Union List of Artists' Names (ULAN)

· Opitz coding system for machined parts

(Chen & Rasmussen 296; Eakins & Graham)

Generalist subject systems, such as Dewey Decimal, are used as well. However, many image collections have opted for in-house schemes that reflect their collections strengths or clientele, and some use natural language indexing either applied manually or derived from sources such as captions or accompanying text (Eakins & Graham; Chen & Rasmussen 296; Goodrum 63). Indexers have the same problems with interpretation of images mentioned above; research has shown inter-indexer consistency of 7% for terminology and 14% for concepts (Chen & Rasmussen 294).

But is indexing being carried out in a way that matches how and why people use and seek images? Some studies of image user needs and behaviour have been published, but they are fragmented, focusing on specific user groups, e.g. journalists, or collections, mostly in the arts and humanities (Eakins & Graham; Chen & Rasmussen 294-5; Armitage & Enser 287). Work is just beginning at Penn State University on the Visual Image User study (VIUS) which will examine user needs for digital image delivery in the context of an educational institution.

Various ways of categorising enquiries have been devised. Subject enquiries have been called unique, such as a known person, or non-unique, like dinosaurs,  either of which can be refined by a location or time restriction (Armitage and Enser 288). Attempts have been made to map subject and provenance enquiries such as title or director against the three levels of image description mentioned above (Armitage & Enser 290-4; Eakins & Graham). The type of material held in a collection can affect the enquiries made, for example over 50% of enquiries to two local studies collections involved named geographic locations, but less than 10% to a collection involving the history of medicine (Armitage & Enser 293). The language used in queries varies between types of enquirers. At the National Library of Medicine picture professionals would use graphics terms like "action shot..horizontal" whilst medical professionals might enquire by illness and the museum community by title and artist. One third of enquiries involved constructing an image in words and emotions, such as "warm" or "the man sitting in the chair with a box on his head," and many described and used an image in a different way than its original intent (Keister 9-13). The necessity of supplying a surrogate of the image has also been noted. It can be used  with the textual description after a text search to see if the image "works" in the user's context (Keister 17), as a method of browsing the collection (Enser 206) or as part of a visual thesaurus (Chen & Rasmussen 297). It has been said that it is much easier to index for a specific user group since a heterogeneous group will always led to unanticipated approaches to content (Chen & Rasmussen 297).


Over the last decade a new method of indexing and retrieving digital still and moving images has been developed, generally referred to as content-based information retrieval (CBIR). This involves computer analysis at pixel level to automatically retrieve images (Enser 203; Eakins and Graham). At present most systems operate on the level of "primitive" features such as colour, shape, texture and motion. Queries can be entered by submitting an image and the system returns others similar, or creating an ideal image by specifying colour, drawing shapes or specifying motion. Demonstrations of a number of systems using these techniques have been developed by the Advent project at Columbia University. These types of system have be found to have some practical applications such as fingerprint matching, trademark recognition and diagnosis from medical imaging output (Eakins and Graham; Chen & Rasmussen 297). In the video field commercial digital video asset management systems have been developed which use CBIR techniques to automatically segment material into its constituent shots, sometimes defining longer sequences as well. They can also pick representative frames from shots to create a keyframe storyboard. An example of such a product is Virage's Videologger. 

Many CBIR systems are still at an experimental stage, and scaling up to an operational level is felt by some  to be a "major challenge" (Enser 204).  There are worries that they are being tested with artificial queries that do not relate to the real world, and little work has been done to evaluate their retrieval effectiveness (Enser 204; Eakins & Graham). Also as CBIR developments have tended to come from the computer laboratory there is perceived to be a lack of communication between the developers and the practitioner community which could hold back improvements (Enser 208).

Pure CBIR systems obviously cannot cope with indexing and retrieval at levels  that requires some external knowledge, such as location or name. However, many image types come with other sources of information attached, such as a text page in which they are embedded, soundtracks, music and closed-captions for the hearing impaired, or files link to a video in a SMIL presentation. Some hybrid systems are being developed that use CBIR techniques along with optical or speech recognition to provide a richer retrieval method (Enser 207-8; Eakins & Graham) An example of these techniques is the Informedia Project and its commercial development the ISLIP Mediakey Digital Video Library System. 
Indexing and retrieval of online educational material


Various influential projects have been set up to develop national gateways to educational sites and repositories of educational material, including  Gateway to Educational Materials (GEM) in the US, Education Network Australia (EdNA) and ARIADNE  in the European Union. These projects have had to develop metadata models to organised their collections.  Other bodies have also been developing metadata models for educational material, including the Institute of Electrical and Electronics Engineers Learning Technology Standards Committee (IEEE LTSC) and the IMS Global Learning Consortium, a collection of education, government and commercial bodies. These bodies have taken differing approaches to metadata creation, but all have pinpointed certain areas of interest for the discovery of educational resources, including:

· Audience and end user: teacher, student, gifted students, bilingual students

· Target grade, level or age of use: e.g. primary, HE year1, age 7-11, key stage 1

· Interactivity level of resource

· Learning time – typical time taken to work with resource

· Learning objectives and outcomes

· Conformation to national standards

· Quality gradings and peer reviews

· Required technology and equipment

· Learning resource type: e.g. graph, simulation, test, curriculum, lesson plan

· Pedagogical methods of teaching, grouping and assessment: e.g. discovery learning, role play, cross age teaching, peer evaluation

Most of the models also include some administration elements to keep track of the cataloguing and review process and on metadata record creation.

The Gem and EdNA projects have used Dublin Core, devising their own elements to cover some of the educational aspects they felt could not be adequately covered otherwise, along with their own sets of controlled vocabulary for some of these elements. The IEEE LTSC is developing its Learning Object Metadata (LOM) scheme, which as of May 2001 was at draft 6.1. It defines a learning object as "any entity, digital or non-digital, that may be used for learning, education or training." The LOM has its own design of nine sectors of elements and sub-elements which give a rich description of the general and educational facets of a resource. A mapping of Dublin Core elements to a number of LOM elements has been developed. The IMS metadata specification and ARIADNE model are based on the LOM, using subsets of elements and specifying vocabulary, and the work of each these groups influences the development of the others.


The Dublin Core initiative has an education working group looking at how to apply Dublin Core in the sector. It has set forward proposals covering some of the educational descriptive areas, with suggestions for extra elements and an application profile employing elements of the LOM. It is currently working on other areas such as teaching and learning methods and a resource type vocabulary. Its members include key personnel from some of projects mentioned earlier. In  December 2000 it and the LOM working group signed a memorandum of understanding to jointly develop interoperable metadata standards for the education sector. Other projects are also working closely together, for example GEM and EdNA have agreed to share educational resources and their metadata.


One problem of interoperability in the educational sector is that each country has its own education infrastructure, with different terminology, gradings, curriculum standards etc. There are also several general education thesauri in use, such as the ERIC descriptors, the British Education Index (BEI) thesaurus and the UNESCO thesaurus education section. In the UK  the Metadata for Education Group (MEG) has been established under UKOLN's interoperability focus. This aims to be a forum for public and private sector bodies to discuss best practice for working with existing standards, a source of information on using metadata in education and a representative of its members to the standards makers. Although it has a UK focus, it has already attracted membership from overseas projects, and is likely to collaborate with them (P. Miller, "Towards Consensus")


The LOM and IMS schemas are only part of the metadata work of their originating bodies. Other specifications being developed include:

· Learner descriptions 

Contain a record of personal information, learning styles, skills and abilities, courses taken etc.

Used for student records, adaptation of course content to meet skills etc.

· Student identifiers for use in records, systems security etc.

· Competency description

· Interoperability of computer based teaching packages between platforms

· Interoperability between educational systems and other systems in an institution e.g. a management information system

· Content Packaging to tie individual resources into larger units

e.g. a text, a worksheet and an assessment become a lesson, or a series of lessons gathered into a course

· XML language for describing questions and tests to allow their import and export between educational software systems


The IMS specifications have XML bindings and examples available. There have also been Java toolkits designed for creating XML IMS metadata documents. Other projects such as GEM and EdNA have developed cataloguing tools, harvesting systems or templates for use by resources authors, who can then submit their materials to the site. The sites then review the record and resource for suitability and correctness of metadata, before adding them to their database.


There are many gateways to educational websites and repositories of learning objects available. Many use IMS metadata elements, such as MERLOT, the Digital Library for Earth System Education (DLESE), the National Engineering Education Delivery System (NEEDS) and the Educational Object Economy (EOE) Applet Library. Some of these systems use recognised subject classification systems, for example the EOE applet library is organised by Dewey Decimal headings for subject browsing, or multiple metadata schemes, such as NEEDS which also uses USMARC. The IMS Consortium has the backing of large software and educational management system suppliers, such as Microsoft, Apple and Blackboard, so the popularity of its metadata is unsurprising. However, other services and projects are using Dublin Core based metadata, such as Education Queensland (Thornely 121) and the EASEL project, and Dublin Core is useful for interoperating outside the education sector.

Digital and hybrid libraries


Having examined the latest developments in describing moving images and educational resources, we now need to focus on the wider environment of the academic library where these materials are intended to be held. The availability of many information resources in digital format has produced what have become known as digital and hybrid libraries. The digital library, sometimes referred to as an electronic or virtual library, has been defined many ways, such as 

· a collection of materials digitised or encoded for electronic transmission,

· an institution that possesses or an organisation that controls such materials,

· an agency that links existing institutions for providing access to electronic information, establishing prices, providing finding aids, and protecting copyright restrictions,

· a consortia of collecting institutions,

· a library that scans, keyboards and encodes all its materials to make the entirety of its holdings electronically accessible from anywhere,

· a library with Internet access and CD-ROM collection,

· an organisation that provide the resources, including specialised staff,  to select, structure, offer intellectual access to, distribute, preserve the integrity of, and en-sure the persistence over time of collections of digital works so that they are readily and economically available for use by a defined community or set of communities

(Brisson 4) 

However, many collections of digital resources have been developed and managed by a "traditional" library which also has physical holdings. Such an institution is often  referred to as a hybrid library, one which 

"brings together technologies from [digital libraries], plus other electronic products and services already in libraries, and the traditional functions of local, physical libraries." 





(elib project summary). 

The development of such systems has raised a number of questions about the future aims of traditional libraries and the roles of cataloguing and OPACs in providing access to a wide range of materials. 

The traditional library often worked on the premise of collections, defined by physical medium or format, subject or location. Digitising and networking holdings in theory breaks down these barriers to enable the seamless creation of "virtual collections" of objects of any format owned and located anywhere in the world (Hudgins, Agnew & Brown 1).  Digital libraries however often evolve from numerous small scale digitisation projects, run by different units, each with their own metadata, cataloguing and software systems, as the following selection of digitisation projects at Oxford University shows.

	Name of Project
	Metadata System
	Delivery System

	Beazley Archive
	Beazley’s own cataloguing system
	INGRES and Access (to Web via ASP)

	Bodleian Broadside Ballads
	Standard catalogue system and ICONCLASS for image description
	Allegro

	Celtic and Medieval Manuscripts
	SGML: HTML (have experimented with TEI DTD with Piers Plowman project)
	Web server delivering standard HTML

	Centre for the Study of Ancient Documents
	Own catalogue system in HTML
	Web browser but also 4D database

	Internet Library of Early Journals
	SGML: EAD and TEI
	OpenText 5.


(Lee Appx. H)

Examining just one of these collections, the Beazley Archive, shows it has several subcollections of digital images each with their own catalogue, browsing or search system, but no method of examining the whole archive. The concept of seamless access and interoperability seems a long way away. 

A similar problem is seen with the electronic resources available to an academic library. These could include local and regional OPACs, special physical collections such as slides and maps, local and remote online databases, off-line, stand-alone and networked CD-ROMs, local and remote  web subject directories, ebooks and so on (Rusbridge). The library website is often the gateway to all these resources, so it is no wonder that patrons reportedly become confused by the  plethora of names used for resources accessible from the website and fail to find a resource that meets their needs (Brown; Benko) or try to use the website search engine to search the OPAC (Brisson 7). 

Presentation of digital materials is also important for the user's convenience in finding resources. For example, the  "Photographic Documentation of Pneumonic Plague Outbreak Sites in Los Angeles" subcollection of the California Digital Library contains 617 item listings on one page, most of which are accompanied by small digitised photographs. It is very difficult to browse through and would be very slow to download via a modem.

Academic library users nowadays often have high levels of IT and Internet literacy, and have great expectations of what they can do within a hybrid a digital library environment. They want to be able to personalise their interface with the library. They like to have a variety of ways of accessing resources from freetext searches to browsing through hierarchies of subject or resource types. They want online access to the actual digitised resources, not bibliographic references, and would like a permanent record of them through printing. They require access to their personal data areas so they can manipulate a resource by saving it, emailing it, linking to it, incorporating chunks in a report or downloading bibliographic details to a references database. They are used to one internet search engine  covering millions of pages and do not see why they should use different search facilities for the OPAC, the library web site and a digitisation project's own website (Antelman; Dorner 76; Rusbridge). 

Users have experience of internet subject directories like Looksmart or Yahoo, which have hierarchical subject trees where the user can navigate up and down or jump across topics at will. Such users approach a library expecting similar methods of accessing information about and links to journals, databases, subject directories, evaluated webpages, digital and physical holdings. They also expect to be able limit information by resource type and access conditions. Some libraries are approaching this aim. One example is the Florida International University Digital Library, which offers hierarchical subject browsing with the ability to jump any number of steps up and down the tree, along with browsing by technical resource type such as image or audio. The California Digital Library has a subject tree directory covering journals, databases, reference texts and archive finding aids. The user can restrict results to one of these resource types, and also restrict results to those accessible from a specific University campus or available to the general public. Another option, used by the New Jersey Environmental Digital Library, is to offer browsing by selection of terms from a drop down menu.

Personalised interfaces, sometimes referred to as "MyLibrary" after personalisation systems on commercial sites like MyYahoo and My BBC, have begun to be introduced into libraries. Some, such as the California Digital Library's personal profile system, allow you to change default search settings such as database or institution, save searches and email citations to yourself. Others allow customisation of the user's interface with the library to create quicklinks to sources of direct interest to them. By specifying subject of interest they can also receive  targeted information on new resources, tables of contents etc. (Lakos & Gray). 

Academic libraries and their websites have been described as "islands in the ocean of university information" (Ketchell). Some universities have developed personalisable institution-wide portals, such as that at Monash University in Australia. My.Monash gives the account holder access to course related local and internet learning resources, including reading lists, exam papers, lecture slides and tapes, and discussion groups, email, campus news, local news and weather,  access to personal enrolment details and results, library catalogues etc. Some material is chosen by subject co-ordinators whilst account holders can add other links as they wish. 

Universities are also seeing the introduction of virtual learning environments (VLEs) and managed learning environments (MLEs). A VLE involves online delivery and assessment of curriculum elements and learning resources, tracking achievement and enabling communication between learner, tutor and peer group. An MLE involves the VLE along with other institutional systems that contribute directly or indirectly to learning and learning management, such as registration, timetabling and business systems (Everett). Some universities have designed and built their own systems, whilst others have purchased software such as Blackboard or WebCT, which ahs led to fears of commercialisation of content and loss of academic control (Werry). The academic library has to make itself visible within these systems.

Some of these developments have been highlighted by the elib hybrid library projects in the UK, such as Builder, Headline and HyLiFe. Other issues raised by these projects include authentication systems that will allow users to move seamlessly between local resources, commercial resources and wider university systems (Builder final report 38). Another was access to technology when institutions were delivering courses via franchise colleges, distance learning or to students studying part-time or on work placement. The information technology available in these situations was often very different in terms of hardware, software, quality and quantity of service than at the hybrid library's home university (Livesey & Wynne 23; Hutton & West 41-2). 

The hybrid library also includes physical items, often catalogued via the library's management system. One conclusion in the Builder project's final report was that the library management system was at the heart of the hybrid library (38). However, some commentators doubt the ability of the current generation of library management systems, often based on the flatfile MARC catalogue, to meet the needs and expectations of today's users (Ortiz-Repiso & Moscoso; Antelman; Brisson 8-10). They are felt to deal well with managing printed material, but not all can support physical non-book and digital materials (Pearce, Cathro & Boston). Digital holdings can come in different formats of the same content, as we have seen with digital videos, or contain many sub-elements that need to be pulled together, like individually scanned pages of a diary or journal.  MARC is said not to be designed to establish these sorts of parent/child or sibling relational links (Ortiz-Repiso & Moscoso; Pearce, Cathro & Boston).

The catalogue is now just one part of a wider information resource, the library web site; a part that is said to be diminishing in importance due to the difficulties interchanging the data held within (Antelman). The library website itself is often developing from being a collection of static HTML pages to producing pages dynamically from databases, using languages such as  SQL or XML (Brisson 19, Gardner & Pinfield 35-42). These have a number of advantages for libraries, such as 

· ease of maintenance: with just one entry to update when details change, rather than  a number of static pages 

· consistency of style through templates

· the same data can be viewed in different ways, e.g. by subject or format

· different information can be shown to on-campus or  off-campus users, e.g. hiding passwords, how to access online databases

· Information can be edited via templates, so subject specialists can be responsible for information without needing detailed technical knowledge

· Personalisation and customisation systems 

· Communication between database systems

· Hierarchical linking of resources to improves navigation 

· Feedback on failed searches to help improve indexing

(Antelman; Brisson 19; Gardner & Pinfield 35; Lakos & Gray). 

A large amount of valuable information is already stored in a library's OPAC and management system. If a database-driven website is used this information has to be accessible to provide a seamless, integrated interface for the user. Rather than re-catalogue or duplicate information, the ideal is to use interoperability protocols and crosswalks to pull information out and map it into new systems, or search across databases (Pearce, Cathro & Boston; Lakos & Gray; Hudgins, Agnew & Brown 44). Library system suppliers are now starting to develop systems to link different types of database together. One example is Endeavor's ENCompass system which presents a unified interface to search across its Voyager OPAC system, or any Z39.50 enabled OPAC, and digital collections described by a wide variety of metadata models and stored in different places.

Conclusions


One finding of the Builder project was that a hybrid library will never be a finished product (38). This is also true of any plan to create a library-based collection of moving images for educational use. We have seen that metadata standards for moving images and educational resources are as yet not fully formed, and new developments such as MPEG-7 could have a major impact on moving image description. As educational resources they have to be able to be integrated within virtual and managed learning environments, which seem to be moving towards the IEEE LTSC/IMS LOM model. Yet other sectors with which the library works use different systems such as Dublin Core. Progress in other areas also needs to be monitored, such as metadata for preservation of digital materials, technical interoperability standards, collection level description and semantic interoperability topics such as thesaurus mapping. The solution seems to be to employ as rich a description of the material as possible, with the ability to produce metadata records in a variety of standards, using well supported open formats such as XML and its derivatives. The implementer will have to keep abreast of developments and have a system flexible enough to incorporate changes as they occur.


Moving images will have to be provided in a way that meets the needs of the image user, with multi-level description, segmentation of video and visual cues to the narrative sequence. Little research  has apparently been undertaken into how the image user frames his approach to resource discovery; again the implementer should keep aware of developments in the field. The recent CBIR developments are not envisaged as having much application in UK higher education in their pure form, except in a few specialised fields such as medical imaging education. However there would be a place for video management software that uses CBIR techniques for automatic shot detection and storyboarding (Eakins & Graham). Hybrid systems using other information sources could also be of use, although how many educational resources would come with closed captions, or how well speech recognition could cope with specialist terminology such as chemical names, is unsure.

Any moving image project would also have to take users' technical facilities into account, considering what connection speeds and software are likely to be used, and supplying multiple versions of videos to meet these needs. There are also technical infrastructure considerations for the institution to consider, such network capacity and provision of multimedia-enabled workstations, along with their ensuing noise problems, within the physical library, the wider institution and franchise colleges.


One of the aims stated at the start of this report was to examine the integration of the images into the OPAC. We have seen how the OPAC is now just one part of a hybrid library and its website, which in an academic institution is itself part of a wider set of information systems. Perhaps it would be wiser to consider how to integrate the OPAC, moving images and other digital resources into one seamless library interface. A further task would then be to ensure the hybrid library is represented within university portals and virtual and managed learning environments. The Builder project found that for students the integration of hybrid library and learning environment was a vital part of providing seamless access to resources, but that it produced a great deal of negotiation and debate on a wider institutional level (26, 38). These issues, and the technical processes of connecting library and learning systems are being looked at in the UK by projects such as ANGEL and INSPIRAL, and their conclusions should be noted.
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